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(54) Method for the purification of DNA 

(57) Disclosed is a method for collecting DNA by 
lysing microbial cells, adsort^tng released DNA on a car- 
rier and collecting the DNA adsorbed on the carrier, 
which method comprises the following steps of (1) lys- 
ing the microbial cells in the presence of the carrier so 
that the DNA obtained by lysing cells is adsorbed onto 
the carrier, separating solutions used tor lysing cells and 
adsort>ing DNA from the cairrier, and eluting the DNA 
adsorbed on the carrier with a solution for eluting DNA 
and collecting eluted DNA, or (2) feeding miaoblal cells 
into a column comprising the carrier provided on a 
membrane filter capable of retaining a solution and per- 
meating the solution when aspirated, lysing the micro- 
bial cells in the column so that the DNA obtained by 
lysing cells ts adsorbed onto the carrier, separating 
solutions used for lysng cells and adsorbing DNA In the 
previous step from the column by aspiration, and feed- 
ing a solution lor eluting DNA into the column and aspi- 
rating to collect the DNA adsorbed on the carrier. The 
methods of the present invention enable collection of 
DNA by the chaotropic Ion metiiod employing an appa- 
ratus with simpler structure and fewer operations. 
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Description 

BACKGROUND OF THE INVENTION 

The oresent Invention relates to a method for collecting DNA contained in microorganisms. 

IntrQene Sneering, plasmid DNA is isolated from n^croorganisms by transforming microorganisms such as 
E cS ^SSieSorrJants and collecting desired plasmkl DNA from the amplBied transformant^ 

Hoiere" illection and purification of plasmid DNA from transfomiants requke several steps and are tedious, 
fc/ionu imnrnvements have been proposed in methods for purification of plasnfiid DNA. 

F«^r2«^TeTaXe^?^^^^^^^ Publication Na Hei 4-360686 (JP.A-360686/92) discloses « method 

fortheSoXnoJSfasmldDNAand/^^ 

br^e fitter to remove insolubles and subjecting the filtrate to ultrafiltration to remove .mpurrties and concentrate the 

'^'^'^iananese Patent Unexamined Publication No Hei 8-23976 (JP-A-23976/96) discloses a method for purifying 
superSfSaSdCemovingimpurit^^ 

'**7nJ,LTmetSdThowever the resulting purHied DNA may contain RNA which has been contained in the microbial 
cells Cther w[i:ie ^11^ add Jal step is required to degrade the RNA to pro>.de DNA without contam.na- 

There has been kno«n a method for separating RNA and DNA utilizing a ^.^'^'^^^P^!^^^^^^ 
fonether with a chaotropic solution (Chaotropic Ion H^ethod) (R. Room etal.. J. Clin. M'C'oBioL Vol2a No-3. p495-503y 
XL f^attnt Unex^ined Pubfication No. Hei 7-250681 (JP-A-250681/95) discloses a method for punf^ng DNA.n 

'-^'^rm^ris^nl^fr^^^^^^^^ 

cuKurofTrSL"^ lis IL^^^^ IV^ing «,e cells and separating ur^^red RNA. fittering off impur*es by 

Method with an apparatus with simpler structure and fewer operations. 
SUMMARY OF THE INVENTION 

The oresent invention relates to a method for collecting DNA by lysing microbial cells adsorbing released DNA on 
a caJJer arScSllShe DNA adsorbed on the carrier, which method comprises the following steps of: 

lysing ttie microbial cells in the presence of the canier so that the DNA obtained by lysing cells is adsorbed onto 

of the present Invention). 

The oresent invention furttier relates to a metiiod tor collecting DNA by lysing ^^''^•^^^j"^:*'!^^^^ 
DNA^n a ct'ier rnS collecting the DNA adsort,ed on the carrier, which metiiod oompnses the following steps of. 

feeding microbial cells into a column conprteing the carrier provided on a membrane fitter capable of retaining a 

solution and permeating the solution when aspirated. «„4„ .ha «,rri«r 

Wsing the miwobial cells in the column so that the DNA obtained by lysing cells is adsorbed onto the carrier. 
sSatina solutions used for lysing cells and adsorbing DNA from the column by aspiration, and 

so!lon fo^^^ DNA into the column and aspirating to collectthe DNA adsorbed on the earner (The 
second method of the present invention). 

DESCRIPTION OF THE INVENTION 

The present invention will be explained more in detail hereinafter. ^ 

Both of the first and the second methods of the present invention are a mettiod for collecting dna oy lysing micro 
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bial cells, adsorbing released DNA on a carrier and collecting the DNA adsorbed on the cannier 

The objective microbial cells for the methods of the present invention are not particularly limited and any microbial 
cells containing desired DNA may be used. For example, the microbial cells may be transfbrmants obtained by intro- 
ducing a desired DNA into host microorganisms. 

5 In the methods of the present invention, (1 ) lysis of microbial cells and (2) adsorption of released DNA onto a carrier 
and elution thereof may be performed in a conventional nwiner. 

However, the methods of the present invention are characterized in that the lysis of microbial cells and the adsorp- 
tion of DNA released by the lysis onto a carrier are performed in a one pot operation. 

According to the f erst method of the present invention. DNA is adsorbed on a carrier by successively adding a solu- 

10 tion for lysing microbial cells and a solution for DNA adsorption to microbial cells in the presence of the carrier, or DNA 
is adsorbed on a carrier by successively adding a solution for lysing microtwal cells and a solution for neutralization and 
DNA adsorption to microbial cells in the presence of the canier. 

In the presence of a solution for containing chaotropic ions, glass adsorbs DNA but not RNA (R. Room et al,. J. Clin. 
MicroBiol. Vol. 28, Na3, p495-503). Examples of the carrier include glasses, silica gels, anion exchange resins and 

IS celite such as Diatomaceous Earth, the shape of the carrier is not particularly limited, but it preferably has a large sur- 
face area for adsorption. The carrier may be in the form of mesh filter, beads or powder. For example, it may be in the 
form of glass filter, glass beads and glass powder. 

The solution for DNA adsorption is a solution containing chaotropic ions. The solution for lysing microbial cells may 
consist of a solution for degrading microbial cell walls (Solution I), a solution of alkaline-ionizable surfactant (Solution II) 

20 and a neutralization solution (Solution III), or a solution for degrading microbial cell walls (Solution t) and a solution of 
alkaline-ionizable surfectant (Solution II). In the latter case, when the solution for lysing microbial cells is composed of 
Solution I and Solution II. the solution for neutralization and DNA adsorption which is a single solution containing a neu- 
tralizer and chaotropic ions is used. 

The solution for degrading microbial cell walls (Solution I) has a function to make the microbial cells into sphero- 

25 plasts and it may be, tor example, an aqueous solution of Tris/EDTA/glucose/lysozyme (Solution I). The solution of alka- 
line-ionizable surfactant (Solution II) has functions to cause lysis of microbial cells by dissolving membranes and 
proteins of tiie cells and to denature DNA and it may be. for example, an aqueous solution of NaOH/SDS (Solution II). 
The neutralization solution (Solution III) has a function to neutralize the solution made alkaline with Solution II and it may 
be. for example, an aqueous solution of potassium acetate. The cell lysis can be performed by successively adding 

30 these three kinds or two kinds of solutions to microbial cells. The concentration and the amount of each solution can be 
adequately determined in view of the nature and the amount of microbial cells and the like. 

It is advantageous to use tiie solution for neutralization and DNA adsorption which is a solution containing a neu- 
tralizer (e.g.. potassium acetate) and chaotropic ions, because it enables concurrent neutralization of the solution and 
DNA adsorption and hence it can shorten the process time. When a solution containing a neutralizer and chaotropic 

35 ions is used as the solution for DNA adsorption, it is preferred that the pH of tiie solution is adjusted to a range of 6-1 2 
because such a pH range can prevent contamination of RNA. The desired pH value may vary depending on ionic 
strengtii and be appropriately selected in view of the conditions used. It is also possible to add RNase into Solution I in 
order to prevent the RNA contamination. 

The solution for DNA adsorption and the solution for neutralization and DNA adsorption may be, for example, an 

40 aqueous solution containing UCKD4. Kl. Nal. UCI. NaCCXDH, guanidine hydrochloride or tiie like as chaotropic Ions. The 
concentration, amount to be used and the like of the chaotropic solution may be appropriately decided in view of tiie 
nature and the amount of the bacterial ceils. The solution for DNA adsorption or the solution for DNA adsorption is 
added to a mixture d the microbial cells and the solution for iysing miaobial cells previously added in the presence of 
a carrier. By adding tiie solution for DNA adsorption, the DNA dissolved from the microbial cells is adsorbed onto the 

45 cm'm. 

The method of the present invention is characterized in that each solution to be added is fed successively without 
separating a previously fed solution, i.e., it does not require separation of solution for each addition of tiie solutions. 

For tiie add'rtion of the solutions, one solution is preferably fed 1 second to 60 minutes after the previous addition of 
solution to ensure that each solution exerts each function. 
50 Then, the carrier adsorbing the DNA is separated from the solutions. The separation of the earner from the solu- 
tions can be achieved by, for example, decantation, centrifugation. filtration or the like. The carrier which has been sep- 
arated from the solutions may be washed and dried, if necessary For such washing, for example, a mixture of 
Tris/EDTA/NaCI/ethanol, ethanol. a mixture of ethanol/glycerol and the like can be used. 

Then, the DNA adsorbed on the canrier is eluted with the solution for eluting DNA and collected. For example, a 
55 Tris/EDTA buffer solution may be used as th solution for eluting DNA. 

In the second method of tiie present invention, a column comprising a carrier provided on a membrane filter capa- 
ble of retaining a solution and permeating the solution when aspirated is used. By using such a column, the separation 
and the collection can be performed more convenientiy. When a plurality of samples of small volumes are processed 
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simultaneously a plurality oi bundled columns can be used. Such columns may be a plate having^a plurality oi pene- 
S hSwdte)! a membrane filter provWed over openings of the hdes on the one side of the plate and earners filed 

^^C^mbrane filter is not particularly limited 80 long as it enables to retain a solu^ 
when asoirlted A commercially available membrane filter can be used as It Is. The earner explained above for the f rst 
memoJ^ SusS in the secJ)nd method. The size, shape and the like of the column can be dead^ su-td^y m v.^ 
of the aZnts of microbial cells to be treated and solutions to be used. Glass and Diatomaceous Earth ect. can be 

"''IllSSal ceriJl' fed into the column mentioned above. The feed miaobial cells may be those s«Pa;ated from a 

cu«uShVfilfration.centr^gationorthelike. or the microbial cells may befedb^ 

ScSa celte as A is ar^l aspirating the broth so that the microbial cells are trapped by the membrane f . ter^ 

SubsSue^y the solut^n for lysing microbial cells and the solution for DNA adsorption are successive^ added to 
,h« fir 0^2 wlution tor lysing microbial cells and the solution for neutralization and DNA adsorptton are succes- 
s^^eS^aTed l^^^^^^^ DNA is adsorbed on the carrier, such as gla^ carrier. The ^^^or.iorl^ 

mSaTSis the solution or DNA adsorption and the solution for neutralization and DNA adsorpt«n exp ained above 
TthS m^hS .Say be employed in the second method. As already mentioned above, the methods of the present 
Son Letl^aSzed in™ a? each solution to be added is fed successh^ely without separating a pre.u,usly fed 
cnii ftinn and it does not require separation of solution for each feed of the solutions. 

Ter t?e fe^T^I ^ tSe solutions are removed from the column by aspiration through the membrane Wter 
Bv thTieratc? resWue of miaobial cells is left on the filter as well the DNA adso*ed on Je earner 'Remained on 
t^ltlTer sJbswuSly after optional washing for the removal of contaminants such as free RNA and proteins, the col- 
umn fndX^^ ^ dried. TO obtain the DNA wrth a higher purity, it is preferred that such cashing as men- 
tioneiXe'is pS.med. For example, a mixed solution of Tris/EDTA/NaCI/ethanol. ethanol. a mixed sdution of 

^^^rntJ'Jur;:^^^^^ collect^^byasplra- 

ing the^ Jon foTliing microbial cells and the solution for DNA adsorption. (2) separating the cam^<«»;;f/^\^^^ 
Zs ^(reUitingDNMrom the carrier. They 

SSltt pS^d that a washing step for removing concomitants Is provided before the elution of DNA so that a 

"nrSiiiSb^trmer^^^^^^^ 

DNA. Bacterial Artificial Chromosome (BAG) and PI -derived Artificial Chromosome (PAC). 



EXAK/iPLES 

The present invention will be further explained in more detail with reference to the following examples. 
Example 1 

F mil SOLR strain harboring plasmid pBluescript SK (+) inserted with a 5.6 kb mouse cDNA was cultured over- 
niohtln^ cuttu"eSumS?ning 100 ^gM of aS^iciHin. 0.6 ml of the culture medium was fed to each of 96 weHs 
TeJo^edc^^^^^^^^ 

m^ir^ial cells^e traced in the glass filter. To each well containing the microbial cells. 25 nl of Solution I (50 mlVl glu 

?:tS:^-^^-i>^ 8%. 10 mM EDTA. 10 mg/m. of 'V-V-) «<^-,^,-; f^jJl^r^rarl 
Ml «r<5ni.rtifln II m 2 N sodium hydroxide. 1% sodium dodecyl sulfate was added and left for 5 minutes, "niereafter. 37.5 
SSsoirn .(SM^pSSlTcetate^^ 

Lrochloride solution (solution for adsorption) was added and the medium was f ittered byasp^O"- ^ 
Subsequently the residue was washed twice with 300 n 1 of awashing buffer (100 mM TreJO birffer [pH ao]. 5 
mM EDTA 0 2Ms^ium chloride. 60% ethanol). once with 300 v.\ of 80% ethanol and once with 300 ^ of 100% e^ianol 

ing by the ddeoxy method. 
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Example 2 

E coli SOLR strain harboring plasmid pBluescript SK (+) inserted with a 5.6 kb mouse cDNA was cultured over- 
night in LB culture medium containing 100 jig/ml of ampicillin. 0.6 mi of the culture medium was transferred to each of 

5 96 wells closed one of openings with a membrane and filled with glass filters, and the medium was filtered by aspiration 
so that microbial cells are trapped in the glass filter. To each well containing the microbial cells, 25 ^il of Solution I (50 
mM glucose, 25 mM Tris/HCI buffer [pHaO], 10 mM EDTA, 10 mg/ml of lysozyme) was added and left for 5 minutes. 
Then, 50 jxJ of Solution II (0.2 N sodium hydroxide, 1% sodium dodecyl sulfate) was added and left for 5 minutes. There- 
after, 160 ^1 of solution for neutralization and adsorption (0.7M potassium acetate [pH4.8} and 5.3M guanidine hydro- 

10 chloride solution) was further added and left for 5 minutes. 

Subsequently, the mixed solution was filtered by aspiration from the wells and the residue was washed three times 
with 300ml of 80% ethanol and once with 300ml of 80% ethanol/20% glycerol. Then, plasmid DNA on the glass filter 
was dried by aspirating for 20 minutes. Finally, 25-50 ^1 of a TE buffer (10 oyfA Tris/HCI [pHaO], 1 mM EDTA) warmed 
to 65^C was added and aspirated to elute the plasmid DNA. 

15 As a result of the above procedures. 4-6 ^ig of the plasmid DNA was obtained. The plasmid DNA exhibited such a 
high purity that the absorbance ratio 260 nm vs. 280 nm is around 2 and could be satisfactorily used for DNA sequenc- 
ing by the dideoxy nnethod. Further, because a mixed solution of potassium acetate and guanidine hydrochloride was 
used as the solution for neutralization and adsorption, the process time could be shortened by about 15 minutes com- 
pared to Example 1. In addition, the amount of the collected plasmid DNA was advantageously improved compared to 

20 Example 1 by using 80% ethanol/20% glycerol for washing, because tiie 80% ethanol^O% glycerol leads to better per- 
meation of the TE buffer compared to 100% ethanol used in Example 1 . 

Exarrple 3 

25 In accordance witii the procedures of Example 1 except that Daltomaceus Earth (Bio HAD Co & Ltd.), glass powder 
(Riken), porous-high surface glass (Bio101) or an anion ion-exchange resin (Qagen) was used instead of the glass fil- 
ters, 4-6 |i g of the plasmid DNA was obtained for each easier. Since 4-6 jig of the plasmid DNA is maximum yield from 
0.6 ml of the culture medium, the above yield of the plasmid DNA was the same as that of Example 1 . Yield of plasmid 
DNA per mg of canrier is proportional to the surface area of the carrier and yield effidency per 10 mg of carrier is listed 

30 in the table below; 



Daltomaceus Earth (Bio RAD Co & Ltd.) 


15-20 


Glass powder (Riken) 


5^tg 


Porous-high surface glass (6io101) 


10-20 


Anion ion-exchange resin (Qiagen) 


5|ig 



40 Claims 

1 . A metiiod for collecting DNA by lysing microbial cells, adsorbing released DNA on a carrier and collecting the DNA 
adsorbed on the carrier, which method comprises tiie following steps of: 

45 lysing tiie microbial cells in the presence of ttie carrier so that the DNA obtained by lysing cells is adsorbed 

onto the carrier, 

separating solutions used for lysing cells and adsorbing DNA from the carrier, and 

eluting the DNA adsorbed on the carrier with a solution for eluting DNA and collecting eluted DNA. 

50 2. A metiiod for collecting DNA by lysing microbial cells, adsorbing released DNA on a can-ier and collecting the DNA 
adsorbed on tiie carrier, which metiiod comprises tiie following steps of: 

feeding microbial cells into a column comprising the carrier provided on a membrane filter capable of retaining 
a solution and permeating tiie solution when aspirated, 
55 lysing the microbial cells in the column so tiiat the DNA obtained by lysing cells is adsorbed onto tiie carrier, 

separating solutions used for lysing cells and adsori^ing DNA from the column by aspiration, and 
feeding a solution for eluting DNA into the column and aspirating to collect the DNA adsorbed on tiie canrier. 
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4. 



5. 



The method of daim 2 wherein the feeding of the microbial cells is performed by feeding a cuKure broth containing 
miCTobial cells and then aspirating so that the microbial cells are trapped by the membrane filter. 

The method of any of claims 1 -3 wherein a solution tor lysing cells and a solution for DNA adsorption are added 
successively to the microbial cells so that the DNA is adsorbed on the carrier. 

The method of claim 4 wherein the solution for lysing cells comprises a solution for degrading microbial cell walls 
(Solution I), a solution of alkaline-ionizable surfactant (Solution II) and a neutraliration solution (Solution III), and 
the solution for DNA adsorption is a solution containing chaotropic ions (Solution IV). 

6 The method of claim 5 wherein Solution I is an aqueous solution of Tris/EDTA/glucose/lysozyme. Solution II is an 
aqueous solution of NaOH/SDS and Solution III is an aqueous solution of potassium acetate. 

7 The method of any of claims 1-3 wherein a solution for lysing cells and a solution for neutralization and DNA 
adsorption are added successively to the microbial cells so that the DNA is adsortsed on the carrier. 

8 The method of claim 7 wherein the solution for lysing microbial cells comprises a solution for degrading nriicrobial 
cell walls (Solution I) and a solution of alkaline-ionizable surfactant (Solution II). the solution for neutralization and 
DNA adsorption is a single solution containing a neutralizer and chaotropic ions. 

9 The method of claim 8 wherein Solution I is an aqueous solution of Tris/EDTA/gluccsertysozyme. Solution II is an 
' aqueous solution of NaOH/SDS and the solution for neutralization and DNA adsorption is a solution containing 

potassium acetate and chaotropic ions. 

10. The method of claim 5 or 8 wherein Solution I contains an RNase. 

1 1 . The method of claim 7 wherein pH of the solution for neutralization and DNA adsorption is adjusted to a range of 
6-12. 

12. The method of any of claims 1-11 wherein the carrier is washed and dried before the elutlon with the solution tor 
eluting DNA. 

13. The method of any of dalms 1-12 wherein the carrier is selected from the group consisting of glass, silica gel. anion 
exchange resin, hydroxy apatite and celite. 

14. The method of daim 1 3 wherein the carrier is in the form of mesh filter, beads or powder. 



